The analysis of the propagation of sound waves in narrow tubes has u•ually been restricted to shapes yielding tractable mathematical expressions. A great number of practical applications do not fall within these categories and await a solution. An approximate solution of su•cient accuracy for narrow tubes of arbitrary shapes developed in this paper has been applied to a wire-filled tube. The theoretical predictions check satisfactorily with the experimental results. It is believed that this study will be useful in other similar applications.
racy. The study is restricted to propagation in dry air and at sonic frequencies, so that dissipation of energy can be explained to a good degree of approximation by classical factors, i.e., by viscosity, radiation, and thermal conduction.
II. STATEMENT OF THE PROBLEM
The conventional one-dimensional wave equation for a dissipationless medium for a periodic disturbance of frequency c0/2•r is From the preceding discussion it follows that the present study is reduced to an investigation of the dependence of the c, •, and qb functions on both the frequency and shape of the tube; these functions are subsequently referred to as correction terms.
Ill. EVALUATION OF THE CORRECTION TERMS
The dependence of the magnitude of the velocity of propagation c on the frequency of the vibrations is deduced from the thermodynamic relations for the gas. Using to that effect the first law of thermodynamics, it follows that:
where 0 is the instantaneous excess temperature of thegas above the mean To, v is the instantaneous volume of the gas, • is the density of the gas, P is the total pressure, K is the coefficient of thermal conductivity, and C• is the specific heat at constant volume. infer that A is approximately given by a universal relation, when the independent variable is (f)iS/P. When c0=A of Eq. (3.6) is replaced by d, then c is the velocity of propagation of sound inside the conduit. Since A tends to C•/Cv= 1/w for vanishingly small frequencies and to unity as the frequency is raised, the velocity c for these two extreme cases tends,respectively, to Newton's value and to Laplace's value. In the former case the expansions of the gas are isothermal and in the latter, purely adiabatic. The frequency interval, in which the transition occurs from one state to the other, is determined by the geometry of the conduit (i.e., by the value of the ratio S/P).
The curve of (1380•/r04) X 15.24)< 1/2300=374 rayls, which is exceedingly high compared to the measured value of 25. The reason for this discrepancy is mainly due to the insufficient number of wires which have been packed in the tube. As the flow resistance of a duct approximately decreases with the square of the area, the change in the number of wires from 2300 to 1860 will appreciably decrease the flow resistance.
As a first approximation it will be assumed that the interstitial channels are formed by the empty space between four wires touching, so that the shape of a channel is similar to that shown in Fig. 7 .
The accurate evaluation of the flow resistance by the relaxation method or other is a very tedious process; instead, an empirical formula due to GreenhilP is used. In this formulait is proved that the discharge of a viscous fluid from a pipe under steady laminar flow is proportional to the torsional rigidity of a homogeneous elastic cylinder of the same cross section. The latter rigidity has been found by Saint Venant (as quoted by Love s) to be expressed to a good approximation by replacing the section of the prism by an ellipse of the same area and moment of inertia I. The rigidity consequently is nAV4•I, where n is related to the elastic constant of the substance. 
